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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Ships and marine technology — Manoeuvring of ships —

Part 3:
Yaw stability and steering

1
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5 document defines symbols and terms and provides guidelines for the conduet of te

evidence about the yaw stability and steering of surface ships, submarines, and models” Itis 1
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1 in conjunction with ISO 13643-1.

Normative references

following documents are referred to in the text in such a way\that some or all of th
Stitutes requirements of this document. For dated references;yonly the edition cited 3
ated references, the latest edition of the referenced documefit (including any amendmen

13643-1:2017, Ships and marine technology — Manoeuvring of ships — Part 1: Gener
ntities and test conditions

13643-5:2017, Ships and marine technology — Manoeuvring of ships — Part 5: Submarine |
80000-1, Quantities and units — Part 1: General

80000-3, Quantities and units — Part 3: Space and time

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and [EC maintain terminological databases for use in standardization at the following adg

[EC Electropedia: available at http://www.electropedia.org/

ISO Online bréwsing platform: available at https://www.iso.org/obp/

ern test

manoeuvring test to determine the ship’s ability to maintain course while making way aster

sts to give
neant to be

bir content
pplies. For
[s) applies.

I concepts,

kpecials

dresses:

=}

3.2

astern zig-zag test
manoeuvring test to determine the ship’s ability to maintain course while making way astern by
assessing manoeuvring devices efficiency from a zig-zag test

3.3

direct astern test
manoeuvring test to determine the ship’s ability to maintain course when making way astern using its
manoeuvring devices and tunnel thrusters as available

3.4

direct spiral test (according to Dieudonné)
manoeuvring test to determine the yaw stability and turning ability when using constant manoeuvring

dev

ice settings
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3.5
manoeuvring device

rudder, azimuthing thruster, hydroplane, cycloidal propeller, or equivalent system used to manoeuvre

avessel

3.6
pull-out test

manoeuvring test for quick determination of a ship’s yaw stability related to its speed through the water

3.7

reverse spiral test (according to Bech)

manoeuvring test to determine the yaw stability and turning ability when using constant yaw ratds of

turn

3.8
sine test

manoeuvring test to determine the ship’s turning and yaw-checking ability in relatign’to initial speed
and manoduvring device settings for the purpose of setting up auto pilots

39
weave test

manoeuvring test to determine the extent of a ship’s potential yaw instabitity

4 Test-related physical quantities

Test-related physical quantities are listed in Table 1. The more general quantities and concg¢pts
concerning the manoeuvring of ships are set out in ISO 13643-1.

For quantities and their units, ISO 80000-1 and ISO 80000-3 shall be used.

Table 1 — Test-related physical quantities

Symbol CC- SI-Unit Concept
Code Term Definition or explanation
% GRDNTD Gradient of the W (Og;) .
dog; curve at o
dy; GRDNTB Gradient of the y; (Og ) -
dog curve at &g
L L Length Reference length of a ship (see ISO 13643-1)
Is LWRD Loop width For a ship with yaw instability: measured
between the two extremes of the curve dg (Y)
Iy LHRD rad s'1b |Loop height For a ship with yaw instability: measured
between the Infersections of the Y{Og J curve
with the axis 6 =0
nj NI Test propeller speed —
P/D PDR Pitch ratio —
P; PITCHI Test propeller pitch Propeller pitch given relative to the pitch for
zero thrust at zero speed
a  For angles, the unit ° (degree) may be used.
b For rate of turn, the unit °/s (degree per second) may be used.
¢ The unit kn, common in navigation, may be used.
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Table 1 (continued)

amplitude

Symbol CC- SI-Unit Concept
Code Term Definition or explanation
T TIP S Period of manoeuvring Specified time to move the manoeuvring device,
device oscillation e.g. from the specified amplitude to starboard
(S) to the same amplitude to port (P) and back to
the specified amplitude to starboard (S)
tc1 TIC1 S First time to check yaw Elapsed time from initiating 1st application of
manoeuvring devices in the opposite direction
wtH-mesdirer-change-of-headingisrpached
tce TIC2 S Second time to check yaw |Elapsed time from initiating 2nd appli¢ation of
manoeuvring devices in the opposite dlirection
until maximum change of heading is rpached
ty TIF S Course keeping time Time during which the ship/maintaing course in
accordance with 10.2.2
Vi VF ms-1c |Final speed Speed at the end ofjtest (run)
Vi VI ms-1c |Targetspeed Speed corresponding to propeller spegd/pitch
setting on straight track
Vo Vo ms-1c |Initial speed (See ISO 13643-1)
X0 X0 m — Coordinate in the direction of the initfal heading
of the.earth-fixed axis system moving|with
the ‘water, the origin of which coincidgs with
that of ship-fixed axis system at t = 0 (see also
[SO 13643-1)
XOF XOF m Sternboard Xxo-component (astern) of the ship’s track at tp
Yo YO m Transverse axis Coordinate of the earth-fixed axis sysfem in
water surface perpendicular to xg, anglogous
definition (see also ISO 13643-1)
YOF YOF m Transferdat end of test yo-component of the ship’s track at tp
(run)
Z0 70 m Vertical axis Coordinate of the earth-fixed axis sysfem or-
thogonal to xg and yy, vertically down] analogous
definition (see also ISO 13643-1)
AVAN DZOF m Change of dived depth zo-component of the ship’s track at tf, felative to
the value at the commencement of a tgst (run)
AORi DANRUJ rad@ |Manoeuvring device —
angle step
Ay DPSIH rad@ |Change of heading Y- 1o
AYE DPSIHE rad2 |Execute change of heading|Specified absolute amount of change df heading
for applying the manoeuvring devices|into the
opposite direction
Ahg DPSIHF rad2 |Change of headingatend |yg-1g
of test
AYPmax DPSIHM rad@ |Maximum change of —
heading
Ay DYARTC | rads-1b |Difference between final |Resulting from S and P turns at the same Vy
c asymptotic rates of turn
ORa ANRUA rad® |Manoeuvring device angle | If necessary, an equivalent manoeuvring device

amplitude shall be given, e.g. for submarines
with X-planes: % (6aa2 + 6aa3 — 0Aa1 — OAad)-

a  For angles, the unit ° (degree) may be used.
b For rate of turn, the unit °/s (degree per second) may be used.

¢ The unit kn, common in navigation, may be used.
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Table 1 (continued)

Symbol CC- SI-Unit Concept
Code Term Definition or explanation
ORi ANRUI rada Test manoeuvring device |Relative to &g
setting If necessary, an equivalent test setting shall
be given, e.g. for submarines with X-planes:
Ya (6Ai2 + 6Ai3 — 6Ai1 — GAi4)-
ORi1 ANRUI1 rada |Firsttest manoeuvring Relative to &g
deVice Setting Toshkhick & B xzeiaa daoszl EELPNEZCEE T 5
To-which-the-maneeuvrinsdevicesareputat
the commencement of the test. If necessary,'a
equivalent test setting shall be given, e.g~for
submarines with X-planes:
Ya (6a2 + 6a3 — Oa1 — 6a4)-
ORi2 ANRUI2 rada |Second test manoeuvring |Relative to 6g
device setting To which the manoeuvring dévices are put at |st
counter setting. If necessary; an equivalent tet
setting shall be given as.for 6Rj.
ORi3 ANRUI3 rad®2 |Third test manoeuvring |Relative to &g
device angle To which the manoeuvring devices are put at pnd
counter setting.'If necessary, an equivalent tesgt
setting shall be given as for 6gj1.
60 ANRUO rada |Neutral manoeuvring (See ISO\I'3643-1)
device angle
< ANRUM rada |Mean manoeuvring de- Determined in each stage of the test during a pe-
or vice angle riod of sufficiently constant ship’s speed throfigh
the water and rate of turn
€ EPH rad2 |Phase shift Between heading and manoeuvring device angle
OsF TRIMSF rada |Trim angle at endlof test —
OsMAX TRIMSM rad2 |Maximum tpimangle —
Oso TRIMSO rad2 |Initial tgim angle —
7 PSIH rad®2 |Heading (See ISO 13643-1)
YE1 PSIHE1 rada |Heéading for first execute |ig + AYg
Heading when the manoeuvring devices are ap-
plied in the opposite direction (turn to P)
YE2 PSIHE2 fad®¥ |Heading for second exe- |1 - AYE
cute Heading when the manoeuvring devices are ap-
plied back in the original direction (turn to S)
YF PSTHF rad2  |Final heading Heading at the end of a test (run)
Ps1 PSIS1 rada |First overshoot angle During the turn, angle between the heading a
nrl-.u-l«. 1-1-\n HRaReeuvERe dayicac ara qnan Ladi
aneetvrirg-devicesare-apphedis
the opposite dlrectlon and the heading at which
the vessel ceases to turn in the current direction
Ys2 PSIS2 rad2 |Second overshootangle |During the turn, angle between the heading

at which the manoeuvring devices are applied
back in the original direction and the heading
at which the vessel ceases to turn in the current
direction

a  For angles, the unit ° (degree) may be used.

b For rate of turn, the unit °/s (degree per second) may be used.

¢ The unitkn, common in navigation, may be used.
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Table 1 (continued)
Symbol CC- SI-Unit Concept
Code Term Definition or explanation
a PSIHA rada |Amplitude of headin Amplitude of the heading resulting from the si-
p g p 8 8
nusoidal oscillation of the manoeuvring devices
0 PSIHO rada |Initial headin Heading of a vessel at the commencement of a
8 g
test (run)
v YART rad s-1b |Rate of turn —
v YARTA Tads+P Alup}itudc of rateof turm Alllplitudc of tirerateof turm UbultillE from the
a sinusoidal oscillation of the manoeuvifing devices
l/} YARTC | rads1b |Constantrate of turn Mean value of the rate when the'ship as reached
c steady conditions after each-change of manoeu-
vring device setting
v YARTCP | rads-1b |Asymptoticrate of turn  |To which the ship pulls-otit in P turn
cp (for P turn)
W YARTCS | rads-1b |Asymptotic rate of turn |To which the shipypulls out in S turn
cs (for S turn)
lf/- YARTI | rads-1b |Testturning rate Required rate of turn for a stage of the test
1
1) OMF rad s-1b |Angular frequency 2n/T

a  |For angles, the unit ° (degree) may be used.
b |For rate of turn, the unit °/s (degree per second) may be used.

¢ | The unit kn, common in navigation, may be used.

5 |General test conditions

The general test conditions in [SO 13643-1:2017, Clause 8 shall be observed.

When operating submerged, submarines shall be trimmed according to the results of the n
flight test in ISO 13643-5:2017, Clause 8. During the test, the dived depth shall be kept as ¢

butral level

onstant as

pospible. The dived depth and.the plane angles are to be recorded continuously. If the submarine is

equiipped with planes acting(into the horizontal as well as into the vertical direction at the
(e.gl X-planes), these planes.should be controlled in such a way that the dived depth is maint

prigrity.

Duijing the test, including the approach phase, each successive position of the ship is to be r
e.g.[using an onboard navigation system during surface operations — at suitable time interv

evely second):

The referénce point on the vessel from where its track is measured should be defined in ad

locgtion_6f a positioning system antenna). This point is not necessarily identical with t
the|ship-fixed axis system for which the vessel’s track is given (see ISO 13643-1). Data which are to

same time

ained with

ecorded —
hls (usually

vance (e.g.
origin of

be recorded continuously include (but need not be [imited to) manoeuvring device angle of operation,
power setting, speed through the water, heading, rate of turn, angle of heel, propeller shaft speed/torque,
propeller pitch, true wind velocity and direction, and relative wind velocity and direction.
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6 Test 3.1 — Pull-out test

6.1 General

In addition to the general test conditions outlined in ISO 13643-1 and Clause 5, the following conditions
shall be complied with.

— The ship shall approach on a steady heading and at a constant speed, V, before commencing the
test. During the test, the propulsion plant settings shall remain unaltered.

returned to amidships (zero-position) and held there until the rate of turn again reaches asufficieptly
steady|final asymptotic value, y g . Heading, manoeuvring device setting, and propeller speed/pjtch

are to pe recorded continuously. The test comprises a second run turning in thes0pposite directfion.

If the ship [is stable in yaw, the rates of turn for alterations to both P and S willydecrease to the same
residual rate of turn (not necessarily zero); if the ship is unstable, the residualrates of turn will diffpr.

The individual runs of the test may be conducted after corresponding turning circle tests [see
ISO 13643{2:2016, Clause 6).

/|

Ayc

Key

1  ship unstable in yaw
2 ship stable in yaw
3 manoeuvring device back to zero
Figure 1 — Pull-out test

6.2 Analysis and presentation of results of a pull-out test

The following data are obtained from the test:

6 © IS0 2017 - All rights reserved
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— difference between asymptotic rates of turn Ayr¢
— asymptotic rate of turn (for starboard turn) Vs
— asymptotic rate of turn (for port turn) Vep

The time histories of the rates of turn for a pair of S and P turns with identical initial speeds are plotted
in the same diagram. The difference between the final asymptotic rates of turn, Ay, indicates the

degree of yaw instability.

If the assessment of the range given by the residual values for the S and P rates of turhn
ship
rev

6.3

Deslignation of a pull-out test according to ISO 13643-3, (3), Test 1 (1), carried out with an ir
of o = 18 kn (18) and a test manoeuvring device setting 6r; = 20° (20);

7

7.1

In addition to the general test conditions outlined.in 1SO 13643-1 and Clause 5, the following
sha

to be unstable, consideration should be given to conducting either a weave test (see €Ig
brse spiral test (see Clause 8), taking into account the residual values for the S and P-rate

Designation of a pull-out test

Pull-out test ISO 13643 - 3.1 x 18/20

Test 3.2 — Direct spiral test (according to Diéudonné)

General

I be complied with.

The direct spiral test consists of several steps performed in succession. The individua
performed using different manoeuvrihg device settings which shall be kept constant durin

To minimize the time needed farithe test, the results of the turning circle tests (see IS
should be considered in advance in order to avoid repetition of tests at specific manoeuyv|
settings and rates of turn:

proves the
use 9) or a
b of turn.

itial speed

conditions

| steps are
b each step.

D 13643-2)
ing device

7.2 Description

The ship shall approach on a steady heading and at the specified speed, Vj, before commencipg the test.
Duiing the test, thesetting of the propulsion plant remains unaltered.

Thg manoeuyvying devices are put to starboard (S) at a test manoeuvring device equivalenf g = -20°
and held ifithis position until rate of turn and speed are constant.

Thd

at eacir et Ut COMStant SPeeds and Tates of turT are obtained:

manoeuvring device setting, 6rj, is then successively decreased to -15° (S), -10° (S) and

again held

In the range 6gj = -10° (S) to +10° (P), the test manoeuvring device setting should be decreased in steps
of, e.g. Adr;j = 2°. When moderate yaw instability is expected, the test manoeuvring device setting, oR;,
should be decreased in steps of Adgr; = 1° in the range 6rj = =5° (S) to +5° (P). Beyond dRrj = +5°, steps
should be increased again.

Manoeuvring device setting, rate of turn, heading, ship speed through the water, and/or propeller
speed/pitch shall be recorded continuously.

After the test manoeuvring device setting 6rj = 20° (P) has been reached, an initial evaluation of the
test results is made. When yaw instability (see 7.3) is observed, the test shall be continued by reversing
the process from a manoeuvring device setting 6rj = +20° (P) to -20° (S).

© IS0 2017 - All rights reserved
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If the test procedure is interrupted, it is important to recommence it using a manoeuvring device angle
inducing the same direction of turn as before the interruption.

7.3 Analysis and presentation of results of a direct spiral test (according to Dieudonné)

The following data are obtained from the test:

— gradient of the y(8g ) curveat§y  dy

— loop w|dth Is
— loop hqight .
oop hdig Ly

— neutral manoeuvring device angle &g

The mean fonstant turning rates, ¥, during the constant phase of each step are plotted against|the
test manoduvring device setting, og;.

The tender]cy of the measured rates of turn, particularly for small manoeuyting device angles, indicates
the ship’s yaw stability. The ship is stable in yaw if the results indicate~a continuous curve and|the
gradient of the rate of turn, y(J;), at the intersection with the dr{-axis is negative (see Figure 2) or,

in the limif, infinite. If the trend of the results indicates the existence of two separate “branches” of{the
curve (see|Figure 3), then the ship is unstable in yaw. The extent'of the region of yaw instability (1gop)
defined by|the height and the width of the discontinuity is a measure for the yaw instability.

For ships stable in yaw, the test yields the neutral manoeuvring device angle, dy.

Ve

Figure 2 — Ship stable in yaw

8 © IS0 2017 - All rights reserved
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Key]

7.4

Des
spe

8

8.1

Ty =

N

Change of manoeuvring device angle from S to P.
Change of manoeuvring device from P to S.
In this test, the function can only be determined @utside this range (solid line).

Figure 3-— Ship unstable in yaw

Designation of a direct,spiral test (according to Dieudonné)

ignation of a direct spiral.test according to ISO 13643-3, (3), Test 2 (2), carried out wit
ed of Vo = 18 kn (18) and-a maximum test manoeuvring device setting dgr; = 20° (20):

Direct spiral test'(aecording to Dieudonné) ISO 13643 - 3.2 x 18/20

Test 3.3 == Reverse spiral test (according to Bech)

General

In a

shall be complied with.

h an initial

conditions

— The reverse spiral test consists of several steps performed in succession. The individual steps are
performed at different turning rates which shall be kept constant during each step. The individual

rates of turn may be taken in any order.

To minimize the time needed for the test, the results of the turning circle test (see ISO 13643-2)
should be considered in advance in order to avoid repetition of tests at specific manoeuvring device

settings and rates of turn.

The test may be performed using an autopilot provided that the latter can be made to control the
rate of turn to a set value. If manual steering is used, the rate of turn shall be visually displayed for

the helmsman, by means of a rate gyro.
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In contrast to the direct spiral test (according to Dieudonné) (see Clause 7), the ship is steered for

the reverse spiral test by maintaining set, constant rates of turn and the necessary manoeuvring

device

settings are recorded.

8.2 Description

The ship shall approach on a steady heading and at the specified speed, V/y, before commencing the test.

During the

A turn is 1n1t1ated by applylng the manoeuvrmg dev1ce usually to starboard (S) first, until the
0

manoeuvr
device sett

It is comm
angle of 2(
the test is

Manoeuvring device setting, rate of turn, heading, speed through the‘“water, and/or prope

speed/pitc

Because of]
test is part
when wind

8.3 Ana

The follow

loop w

loop he
neutra

The test ty
achieve as

The tendey

gradient of the y(8g ) curve at &y

test, the setting of the propulsion plant remains unaltered.

ng dev1ce settmg For each ofthese perlods the mean Values ofturnmg rate and manoe(y
ing are determined.

bn practice to start at a maximum turning rate equivalent to starboard manoeuvring de
°. Additional lesser rates of turn shall be selected such that, after four runs, the rate of t
hw instability is apparent, additional runs with small rates of turn are necessary. Therea

ontinued to port (P) using the same rates of turn.

h shall be recorded continuously.

the difficulty of maintaining the low turning rates at smallmfanoeuvring device settings
icularly susceptible to external influences. Ideally, theréfore, the test should be carried
velocity and sea state are low.

ysis and presentation of results of a reverse spiral test (according to Bech)

ng data are obtained from the test:

dy;
ddy

dth Is

ight [l/}

manoeuvring device angle &g

rning rates Wy, are plotted against the mean manoeuvring device angles, gR, neede
feady turn ineach step.

cy ofithe measured turning rates, particularly for small manoeuvring device angles, sef

to assess tlI\e ship’s yaw stability.

2s of
ring

Vice
urn
'ter,

ller

the
out

1 to

ves

The ship is

Vi

stable in yaw if the gradient of curve y; (gR ), at the intersection with the gR axi

R

s, is

negative (see Figure 4) or, in the limit, infinite. If this gradient is positive, the ship is unstable in yaw;

the gradient is a measure of the yaw instability, also the height, IW’

and the width, Is, of the 1

characterize the instability (see Figure 5).

The test also yields the neutral manoeuvring device angle, &p.
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B
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g
Figure 4 — Ship stable in yaw
by
~> ER
S // p
ls

Figure 5 — Ship unstable in yaw

8.4 Designation of a reverse spiral test (according to Bech)

Designation of a reverse spiral test according to ISO 13643-3, (3), Test 3 (3), carried out with an
initial speed of Vp = 18 kn (18) and a maximum turning rate equivalent to a manoeuvring device
angle of 20° (20):

Reverse spiral test (according to Bech) ISO 13643 - 3.3 x 18/20
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9 Test 3.4 — Weave test

9.1 General

In addition to the general test conditions outlined in ISO 13643-1 and Clause 5, the following conditions
shall be complied with.

— The ship shall approach on a steady heading and at a constant speed, V, before commencing the
test. During the test, the propulsion plant settings shall remain unaltered.

The w
perfor
which

9.2 Desq

To commerpce the test, the manoeuvring devices are put over to a given test manoeuvring device sett]

ORi, (in this
constant v,
range of y3

Thereaften
and held th

ave test consists of several similar stages pprfnrmnﬂ insuccession. The individual parts

med by using pairs of identical manoeuvring device settings to starboard (S) and port]
shall be held constant during each stage.

‘ription

example to S), and held until the speed through the water and the rate'of turn have reacg
hlues (Point 1 in Figure 6). This setting should be chosen such that it is outside the li
w instability. For most ships, 6 rj = 10° will be sufficient.

the manoeuvring devices are put to the same angle, 6g;j, on¢the opposite side (e.g. now t

ere until the speed through the water and the rate of turh have reached constant value

the ship follows the helm, i.e. it changes its direction of turn, this means the ship is stable in yaw for
manoeuvring device setting (Point 2 in Figure 6), and the test is;continued as described below. If
the test cap be terminated.

If yaw stability was identified, the test manoeuvring device“setting is reduced appropriately [e.g. by

i.e.to ORj =
in Figure 6
[6Ri = ~8°(
i.e. it chan
(Point 4 in

The proceglure is continued by furthertireducing the manoeuvring device angle at the same inte

+8°(P)]. Waiting for constant speed throughithe water and rate of turn begins again (Poi
). Thereafter, the manoeuvring devices are put to the same setting, 6rj, on the opposite

5)] and held there until speed and rate afturn are constant again. If the ship follows the h
bes its direction of turn, then the ship-is stable in yaw for that manoeuvring device set

Figure 6).

are

(P)

ing,
hed
kely

D P)
s. If
that
hot,

 2°,
nt 3
bide
elm,
[ing

rval

(Point 5 irf Figure 6) [manoeuvring device setting dr; = -6°(S)]. The manoeuvring devices are held
until a stepdy speed and rate of furn are achieved. At this point, a potential yaw instability cajnot

be determ
[6ri = 6°(P)
device set

ned. Thereafter, the(manoeuvring devices are put to the same angle on the opposite
]. If the ship follows the helm, then, again, the ship is stable in yaw at this manoeuv

ability is a
approxima

Since the limit of the range of yaw instability may be different when changing the manoeuvring de

setting fro|
following

ssumed, theAdimit of the range of yaw instability would be between Points 4 and 5. Aj
ion, the liryit'is shown halfway between Points 4 and 5.

8. (direction of turn to S) to the manoeuvring device setting P (direction of turn ta

side
ring

ing. In Figure-6the ship no longer follows the helm (Point 6). If symmetrical turping

an

Vice
P),

efirst indication of yaw instability, the mirror image pair of manoeuvres should be tes

ted.

For that purpose, it shall first be confirmed that the ship follows the helm.

The weave test is considered complete either when yaw instability has been identified or the test has

proven tha

t the ship follows the helm down to manoeuvring device settings of, e.g. 6rj = 2°.

Manoeuvring device setting, heading, rate of turn, speed through the water, and/or propeller
speed/pitch shall be recorded continuously.

12
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9.3 Analysis and presentation of results of a weave test
The following data are obtained from the test:
— loop width Is

— loop height ,
oop heig Ly

The constant rates of turn, Y, determined for the single stages are plotted in a diagram against the
corresponding test manoeuvring device settings, 6rj (see example in Figure 6).

Thifp diagram showing the approximate width, Is, and height, IW' extrapolated from/thel measured
points is the basis for assessing the degree of yaw stability.

} ve
0,515

L;
S,
=

——— 3,
—

T —_

Figure 6 — Analysis (ship unstable in yaw)

9.4 Designation of a weave test

Desiignatieh of a weave test, according to ISO 13643-3, (3), Test 4 (4), carried out with an iritial speed
Vo 3 20 kn (20) and an initial manoeuvring device setting dgrj = -10° (10):

Weave test IS0 13643 - 3.4 x 20/10

10 Test 3.5 — Astern test

10.1 General

In addition to the general test conditions outlined in ISO 13643-1 and Clause 5, the following conditions
shall be complied with.

— The test is performed with a propulsion setting corresponding to a target speed of preferably not
more than 50 % of the designed maximum astern speed.
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The astern test may be carried out by one of two different methods, i.e.
— asadirect astern test, the result of which may to a certain degree be affected by the helmsman, or
— as an astern zig-zag test.

The two test methods are described in 10.2.1 and 10.2.2. The above general requirements refer to both
test methods.

The astern test need only be performed in ships which require astern manoeuvrability. In ships with
a symmetrical arrangement of propulsors, the astern zig-zag test need be performed to one side only.

10.2 Des¢ription

10.2.1 Description of the direct astern test

The ship gtarts to make way astern with a propulsion setting in accordance with 10.1 and |the
manoeuvring devices held amidships initially. The helmsman keeps the ship on its\initial heading for as
long as pogsible using the manoeuvring devices and, if available, bow thrusters;

The test iscomplete when the absolute change of heading, |Ay|, exceeds 15° or‘'when the ship has made
a sternboatd, xo, of five ship lengths astern (see Figure 7). For submarine§’in submerged operation/the
test is alsd complete when the absolute change of dived depth, |Azgp|,€xceeds one ship length or|the
absolute trfim angle exceeds 15°.

Xp *

|
t=0\6_'\
|

G

N
/T« Yor
\I
(I
A
|

\

XOF

n

i\

t=1f

Figure 7 — Direct astern test

10.2.2 Description of the astern zig-zag test

The ship starts to make way astern from zero speed with a propulsion setting in accordance with
10.1. At the same time, the manoeuvring devices are put over to 15° (preferably to starboard), i.e. to
ORri1 = —15°(S). The manoeuvring devices are held at this setting until the ship’s heading has changed
from the initial heading, o, by the specified execute change of heading, Ayg (it is preferable that
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[AYE| = 10°), to the heading 1. At this point, the manoeuvring devices are put over as fast as possible
to the same setting in the opposite direction [6rj2 = +15° (P)] and held there. The ship continues to
turn in the initial direction. If the turning decays completely and the ship starts to turn in the opposite
direction with increasing rate of turn, wait until the heading has changed from the original heading by
Ay to the opposite side of the initial heading to heading 1gp. At this point, the manoeuvring devices
are reversed again to the manoeuvring device setting 6ri3 = 6ri1. The test run is complete when the
turning is not stopped after the first or second counter application of the manoeuvring devices or when,
after the second counter application, the heading reaches the initial heading.

For submarines operating submerged, the test is also complete when the absolute change of dived

depﬁm&mmmmmmmmmmwm;
If the ship does not stop turning after the first or the second counter application of thesxmgnoeuvring

deviice, the test run shall be repeated with the same first manoeuvring device setting,-0ri1{= -15° (S),
and the same execute change of heading, Ayg, but with 6rj2 and 6Rri3 corresponding te full rydder.

5R A

é‘Ri2

\ ¢
Ori3/ Ori1

\
A

<
Vs1

il N\

VE2 ' t

Vs2

b .

Figure 8 — Time history of an astern zig-zag test

10.3 Analysis and presentation of results of an astern test

10.3.1 Analysis of a direct astern test

The following data are obtained from the test:
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— course keeping time tr — change of dived depth AzoF
— final speed VE — trim angle at end of test Osk

— sternboard XOF — maximum change of heading AYMmax
— change of heading at end of test AYr — maximum trim angle OsMAX

In particular, the course keeping time, ty, provides an indication of the course keeping ability while
going astern, with reference to the specified parameters. Important, also, is a result which shows that
the ship only experienced changes of heading of not more than 15° over full five ship lengths.

10.3.2 Analysis of an astern zig-zag test

The follow|ng data are obtained from the test:

— first tige to check yaw tcl — second overshoot angle s2
— second|time to check yaw tco — change of dived depth AzoF
— sternbgard XOF — trim angle at end of test Osk

— transfdr YOF — maximum trim angle OsMAX
— first overshoot angle Ps1

In particular, the two overshoot angles, ¥s1 and ¥s2, and the,times to check yaw, tc1 and tcp, arg, in
combinatign with the speed V;, indicators of the ability to keep course when sternway. Further critpria
can be the|termination of the test due to uncontrollablérovershoot and the necessity of larger angles
Ori2 and 6g;3.

10.4 Designation of an astern test

10.4.1 Designation of a direct astern test

Designatiop of a direct astern test according to ISO 13643-3, (3), Test 5 (5), carried out with a target
speed of Vj|= 10 kn (10):

Direct astern test ISO 13643 - 3.5 x 10

10.4.2 Designation of an‘astern zig-zag test

Designatiop of an aStern zig-zag test according to ISO 13643-3, (3), Test 5 (5), carried out with a target
speed of Vj|= 10 kn.(10):

Asternpigszag test ISO 13643 - 3.5 x 10

11 Test 3.6 — Sine test

11.1 General

In addition to the general test conditions outlined in ISO 13643-1 and Clause 5, the following conditions
shall be complied with.

— The ship approaches at a constant speed, V/y. During the test, the setting of the propulsion plant
remains unaltered.
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